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MICRO-BRIDGE STRUCTURE 



This invention relates to a method of making a micro-bridge and a new 
structure for a micro-bridge, such as may be used in imaging devices to 
5 detect incident radiation. The invention arose from the field of thermal 
imaging, but is not necessarily limited to that field. 

Infra-red imaging cameras based on two-dimensional arrays of thermal 
detectors are attractive due to their near ambient temperature operation . 
10 Thermal detectors used for infra-red imaging rely on the temperature 
change of the sensing material due to absorption of infra-red radiation. A 
1°C temperature change in the scene leads to a temperature change of 
about O.OOl^C temperature change within the detector and it is therefore 
important to try and maximise the amount of radiation absorbed. 



The sensing material has a temperature dependant property which allows 
the magnitude of the change in temperature to be detected, amplified and 
displayed using electronic circuitry. Examples are pyroelectric arrays, 
which rely on the change in electrical polarisation with temperature which 
20 occurs in ferroelectric materials, and resistance micro-bolometer arrays 
which utilise the change in electrical resistance with temperature which 
occurs in some materials 

In all types of thermal detector it is advantageous to maximise the rise in 
25 temperature of the sensing material due to the absorption of infra-red 
radiation. The temperature rise is reduced by any thermal conduction 
mechanism which takes heat from the sensing material. This results in 
detector designs which maximise the thermal isolation of the sensing 
material. The requirements for electrical read-out and mechanical rigidity 
30 mean that, for most practical detectors, a physical connection is required 



15 
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to the sensing material. 

Infra-red (IR) imaging relies on the fact that all objects radiate energy 
with a peak wavelength depending on their temperature. For ambient 
5 temperature objects this peak wavelength is in the Infra-red at about 
10|im. Hotter objects radiate more intensely. IR imaging typically 
involves using lenses, which may be of Germanium, to collect and focus 
this radiation onto an array of sensitive elements placed in the focal plane 
of the optics. The elements are normally micro-capacitors or micro- 

10 resistors (micro-bolometers) whose characteristic parameter (charge or 
resistance respectively) depends on the temperature. The micro- 
bolometers are usually formed on silicon substrates using "micro- 
machining techniques". This involves depositing and lithographically 
patterning an active layer over a sacrificial layer that is finally etched 

15 away to leave a free-standing, thermally isolated structure. 

Such a structure is shown in Figure 1 of the accompanying drawings 
wherein legs 2, 4 support the main body of the element 1 above a 
substrate (not shown). The legs 2, 4 ensure that mechanical support is 
20 provided for the main body but with low thermal conductivity to the 
substrate. 

Each element generates an electric signal proportional to its temperature 
that, in turn, depends on the intensity of the IR energy absorbed by it or 
25 its adjacent layer. The electrical signals must then be read out using a 
circuit that will both filter and amplify. 

Traditionally the quantum devices used to detect IR radiation have 
required cooling to liquid nitrogen temperatures. The "uncooled" 
30 technology described herein operates at room temperatures. Since IR 
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radiation is not obscured by smoke this technology is also useful in fire- 
fighting applications. There are also applications where it is not 
necessary to form high-resolution images. The IR sensitive elements can 
be used for simple "intruder detectors" or fire detectors. 

5 

Presently there are two basic forms of the resistance micro-bridge. 
Firstly, there is the homogeneous bridge type, as shown in section in 
Figure 2a of the accompanying drawings. In this type of bolometer the 
bridge is formed from a material whose properties change as the 
10 temperature changes through radiation being absorbed. The change in 
material properties is determined in some manner, perhaps by measuring a 
change in current passing through the bridge. The skilled person will 
appreciate that whilst the homogeneous bridge can work satisfactorily well 
its performance may not be as efficient as desired. 

15 

The second class of micro-bridge can be termed "film-on-support" and 
provides a temperature dependent material (which may be resistive) as a 
film above a supporting bridge. Such a film on support micro-bridge is 
shown in section in Figure 2b of the accompanying drawings. The bridge 

20 absorbs incident thermal radiation of the wavelengths of interest causing a 
temperature change within the bridge which effects the resistance of the 
resistive material. Generally the resistive material will be a metal which 
when positioned above the bridge reflects some of the incident radiation 
reducing the sensitivity of the micro-bolometer. Further, the provision of 

25 the metal on top of the bridge requires vias to be fabricated through the 
bridge necessitating further processing steps. 

An example of a micro-bridge structure is shown in the Journal of 
Microelectromechanical systems Vol.5 No. 4 December 1996 in an article 
30 by Shie, Chen, et al. However, the micro-bolometer shown therein is 
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fabricated by a process which is somewhat more complicated than may be 
desired. The bridge is formed over a V groove which is fabricated using 
an anisotropic wet etch. 

5 A further micro bridge structure is also shown in US 5 698 852 wherein a 
Titanium layer provides the resistor on the underside of a bridge formed 
from a layer of SiOz. However, this document shows the resistive 
bolometer portion sandwiched between two Si02 layers. The micro- 
bolometer shown in this US patent has a much more complex structure 
10 than that described herein. It will be appreciated that simplifying the 
structure and processing steps reduces the cost of the device and also 
helps to increase the yield. 

According to a first aspect of the invention there is provided a method of 
15 fabricating a micro-bridge device onto a substrate including the steps: 

a. providing a sacrificial material on a surface region of the 
substrate ;- 

b. patternwise etching the sacrificial material; 

c. providing a sensing material on a surface region of the sacrificial 
20 material; 

d. providing a support material on a surface region of the sensing 
material; and 

e. removing the sacrificial material leaving the support material, 
with the sensing material on its lower surface, substantially free 

25 standing above the substrate. 

This method is advantageous because it provides a micro-bridge structure 
by a method that has fewer processing steps than prior art methods. The 
skilled person will appreciate that the reduction of the number of 
30 processing steps is greatly advantageous because it will tend to increase 
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the yield of the fabrication process and will also reduce the cost of 
devices fabricated by the method. 

Advantageously, the support element is provided as a single layer of 
5 material and provides both physical support for the sensing material and 
acts as an absorber of incident radiation. 

The sensing material may be a conductive material. Such a material is 
suitable for providing a micro-bridge structure in which a change of 
10 resistance is measured. Preferably the micro-bridge device is a micro- 
bolometer wherein the sensing material provides the resistor. 

Alternatively, the sensing material may be a ferro-electric material. Such 
a material is suitable for providing a micro-bridge structure in which a 
15 change of charge is measured. 

Preferably, the substrate has electronic circuitry provided therein. This is 
advantageous because it allows processing electronics to be provided for 
processing the signal from the micro-bridge and allows a single package 

20 to be provided containing both the micro-bridge and processing 
electronics. The provision of optimum processing electronics may not be 
possible in some prior art structures. For instance, in the paper by Shie, 
Chen, et al. the V-groove provided underneath the bridge structure is 
likely to prevent the provision of such electronics beneath the plan area of 

25 the bridge device - the region of the substrate where the electronics would 
be provided is etched away. Therefore, the structure provided by the 
method may provide an area beneath the micro-bridge device in which 
signal processing electronics may be located. 

30 Most preferably the method is compatible with CMOS processing steps. 
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This is advantageous because it allows standard fabrication processes to 
be used which will generally reduce the cost of devices fabricated 
according to the method. 

5 Conveniently step b of the process includes providing vias through the 
sacrificial material allowing connections to the electronic circuitry in the 
substrate. Such a step is a convenient way of providing the single 
package with processing electronics and micro-bridge. The skilled person 
will appreciate that the vias may be defined using a conventional 
10 photoresist to pattern the sacrificial layer or by the use of a photo- 
imageable polymer as the sacrificial layer. 

In one embodiment the sacrificial material is polyimide which may be spin 
deposited and cured. The sacrificial material may be applied to a 

15 thickness of about 3|j.m. However, in alternative embodiments the 
sacrificial material may be applied to a thickness of between about LS^im 
and about 6jiim, or may be between about 2p,m and about 4.5nm. It will 
be appreciated that the thickness of the sacrificial material governs the 
height of the sensing material above the substrate in the final micro-bridge 

20 structure. 

The method may include the steps of using an etch solvent to ensure that 
all resist layers are removed subsequent to deposition of the sacrificial 
material. The etch solvent may be EKC. 

25 

The sensing material may be titanium (Ti). Titanium is advantageous 
because of its change of characteristics with temperature and also due to 
its low noise levels. Further, titanium has a high resistivity which may 
allow the design to be optimised for CMOS circuitry more easily than 
30 other sensing materials. The skilled person will appreciate that for two 
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equal portions of the material, the portion with the higher resistivity will 
have the higher resistance. 

The sensing material may be deposited by sputter deposition, providing a 
5 convenient method which is CMOS compatible. The sensing material may 
be deposited to a thickness of about 0.2|im. 

However, the skilled person will appreciate that other thicknesses may be 
suitable. For instance the sensing material may be provided to a thickness 

10 in the range of about O-OS^m to about 0.3|im, or may be from about 
0.1p.m to about 0.25|j,m. If the micro-bridge device is a micro-bolometer 
the sensing material may form the resistor. It is desirable that the 
resistance of this resistor is relatively high because this makes the signal 
provided from the micro-bolometer easier to process. Providing the 

15 sensing material in this range provides suitable resistances. Thicknesses 
greater than this range may tend to reduce the resistance too much. 

The thicknesses and resistances described herein are particularly suitable 
when the sensing material is Titanium. If the sensing material is another 
20 material other thicknesses may be applicable. 

In alternative embodiments the sensing material may be amorphous 
silicon, vanadium oxide, platinum, nickel, aluminium, or an alloy of any 
one of the aforementioned metals each of which provides suitable 
25 properties 

The sensing material may have a sheet resistance of 3.3Q/sq. 
Alternatively, the sensing material may have a sheet resistance of about 
1.5Q/sq to about 6Q./sq, or may be of about 2.5Q/sq to about 4.512/sq. 
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Conveniently step C. of the method includes the further step of removing 
the sensing material from optical alignment targets (OAT) provided on the 
substrate for alignment of subsequent layers. Such a step is advantageous 
because it simplifies the remaining steps of the method and makes it easier 
5 to position the remaining layers. It will be clear to the skilled person that 
OAT's are necessary when a wafer stepper is used. 

Step b of the method may also include the step of removing the sacrificial 
material from OATs provided on the substrate. Such a step is particularly 
10 advantageous should the sacrificial material be a material other than 
silicon dioxide. 

Preferably the support material is deposited onto the surface region of the 
sensing material. This deposition process may be provided by Plasma 
15 Enhanced Chemical Vapour Deposition (PECVD) , Low Pressure Chemical 
Vapour Deposition (LPCVD), or by sputtering. 

The support material may be deposited to a depth of about Ijim. This 
depth is convenient because it provides sufficient structural rigidity. 
20 However, the skilled person will appreciate that a range of other 
thicknesses may be suitable. For instance the support material may have a 
thickness of about COSjim, O.lum, O.Sfim to perhaps about 
2fj.m,3M.m,4nm,5|am. 

25 Preferably, the method applies the support material to an accuracy of 
about ± 10%. It will appreciated from the discussions above that the 
detector must be thermally isolated from its surroundings. Generally this 
is achieved by providing a bridge structure (of the support material) which 
is supported by a pair of legs. In such a structure the legs provide 

30 thermal contact between the bridge and the wafer or substrate. Having 
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the legs too thick is disadvantageous because more heat is conducted from 
the wafer or substrate to the bridge which reduces the sensitivity of the 
micro bridge device. If the legs are too thin then there is not enough 
mechanical support for the bridge structure. There is therefore a 
5 compromise between providing rigid supports and providing thermal 
isolation. 

The skilled person will appreciate that the micro bridge structure may be 
provided with a number of legs other than two. The micro bridge 
0 structure may be provided with 1,3,4,5,6,7 or more legs. 

The method may comprise applying the support material to have a 
thickness of about where X is the wavelength of the incident radiation 
of interest within the support material. The skilled person will appreciate 

5 that the wavelength of the radiation will change according to the material 
in which it is travelling. Applying the support material to this thickness 
is advantageous because it causes destructive interference of radiation of 
the wavelength of interest being reflected from the bottom surface of the 
support material with radiation incident on the bridge. This destructive 

;0 interference promotes energy absorption and increases the temperature 
rise of the support material due to the incident radiation of the 
wavelengths of interest. 



The support material is conveniently patterned and etched to provide the 
necessary structures. Preferably, the resists used to pattern and etch the 
support material are removed by an etch solvent, which is conveniently 
EKC. 

In one embodiment the support material is a silicon oxide which is 
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advantageous because it is easy to provide using CMOS processing steps 
and readily absorbs radiation with a wavelength of about S^im to 14\im 
which as discussed previously is the wavelength which is conveniently 
monitored by the micro-bridge device. It is advantageous that the support 
5 material absorbs the radiation to maximise the temperature change of the 
support material due to incident radiation of the desired wavelength. The 
skilled person will appreciate that for wavelengths other than 8nm-14f4,m 
other materials which absorbs the wavelengths of interest may be 
advantageous. 

10 

The method may include the further step of providing a reflective layer on 
a surface region of the substrate. Such a layer may further enhance the 
efficiency with which the micro-bridge structure absorbs incident 
radiation. 

15 

The reflective layer may be provided on a surface region of the substrate 
before the sacrificial layer providing a convenient way of positioning the 
reflective layer. It will be appreciated that such a method provides a 
micro-bridge structure with the reflective layer provided on a top region 
20 of the substrate with the micro-bridge structure substantially suspended 
above the reflective layer. 

Conveniently the method provides the reflective layer from a metal which 
may be any one of the following: Aluminium, titanium, nichrome, 
25 platinum, nickel or an alloy of any of these metals. 

The reflective layer may be provided by sputtering, evaporation or any 
other suitable technique as will be appreciated by the person skilled in the 
art. 

30 
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Conveniently the sacrificial material is removed by ashing which may be 
performed in an oxygen plasma, providing an effective process for 
removing the sacrificial material without interfering with the layers 
covering the sacrificial material. 

5 

After step e. of the method a thermal anneal is preferably performed on 
the substrate. The thermal anneal is beneficial because it preserves the 
elevated value of the temperature coefficient of the resistance of the Ti, 
and may ensure that contacts within the circuits are formed correctly, etc. 
10 The thermal anneal may be provided by a rapid thermal annealing process 
or an industry standard furnace anneal. 

The sensing material may be provided as at least one track. Preferably 
the method comprises providing the track such that incident radiation 

15 having a specific polarisation cannot pass therethrough. This may be 
achieved by arranging the track in a manner to block the passage of 
radiation having a polarisation. In particular, the track may be provided 
such that it has lengths running in directions transverse to one another. 
The track may be provided with substantial lengths running in directions 

20 parallel to one another, or may be transverse one another, or may be 
orthogonal one another. In other embodiments the method may comprise 
providing the track with curved portions. The curved portions may be 
circular, elliptical, etc. 

25 A matching layer may be provided in a region above the support material, 
adapted to absorb incident radiation. The matching layer may be nickel 
chrome alloy and may be provided by evaporation, or may be sputtering. 

A matching layer is advantageous because it may match the refractive 
30 index of the micro-bridge structure to that of free space. The skilled 
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person will appreciate that when a wavefront is incident upon a boundary 
of materials each with different refractive indexes a degree of reflection 
will occur. Clearly, if incident radiation of the wavelength in question is 
reflected then the signal produced in response to the radiation will be 
5 reduced. It is therefore advantageous to minimise the amount of 
reflection occurring at the micro -bridge upper surface. 

The matching layer may be deposited until it has the required resistance 
per square. The resistance may be about 377a/square. Alternatively, the 
0 resistance may be in the range of about 250Q/sq to about 500Q/sq., or 
may be in the range of about 320Q/sq. to about 430Q/sq. 

The method may further comprise providing the micro-bridge structure 
within an encapsulated package. The encapsulated package may be filled 

5 with a gas having a low thermal conductivity {xenon is one example) or 
more preferably the encapsulated package may be evacuated. 

According to a second aspect of the invention there is provided a micro- 
bridge structure having a substrate above which there is provided a 
0 support element of the micro-bridge structure, on the underside of the 
support element there is provided a sensing material, the sensing material 
being supported above the substrate by the support element but connected 
at connecting regions to tracks on the substrate. 

5 An advantage of such a structure is that it is simpler to fabricate than 
prior art devices and may therefore provide higher yields and cheaper 
devices. 



Preferably, the support element comprises a region of silicon oxide 
(SiOa). This is a convenient material to provide being readily achievable 
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in CMOS processes and strongly absorbs electromagnetic waves at the 
wavelengths of interest. 

The support element may be substantially square in plan, providing an 
5 efficient shape from which to provide an array of micro-bridge structures. 

In one embodiment the support element is substantially square in plan and 
has dimensions of substantially SO^im for the sides of the support element. 
In alternative embodiments the support element may have sides in the 
0 range of about 25\im to about lOO^im. or may be in the range 35]xm to 
about 75p.m. 

The support element may be provided with leg portions adapted to 
suspend the support element above the substrate. Such leg portions are 
5 advantageous because of the thermal isolation they provide for the support 
element from the substrate. Thermal isolation is advantageous because 
the temperature changes which must be measured by the micro-bridge 
structure are of such a magnitude that they are likely to be lost if the 
thermal mass of the substrate is not excluded. 

0 

Conveniently, the sensing material is also provided on the underside of 
the leg portions. Such a structure is again convenient because it provides 
a structure wherein the sensing material on the support element can easily 
be connected to circuit elements on the substrate. 

5 

Preferably the sensing material is a conductive material. In which case 
the sensing material may form a resistor. 



Alternatively, the sensing material may be a ferro-electric material. In 
which case the sensing element may form the dielectric of a capacitor. 
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Such structures are convenient because they provide means to measure 
temperature changes within the support element (i.e. a change in 
resistance of the resistor, or change of charge in the capacitor formed by 
the capacitor dielectric). 

5 

The resistor may be connected to a CMOS transistor provided in the 
substrate. This provides a convenient structure with which to process the 
information provided by the micro-bridge structure. 

10 The transistor may be arranged as a switch providing a convenient 
structure with which to connect the resistor to processing electronics at 
the correct instant for its resistance to be measured. 

The resistor may have a resistance of about 3kQ. Alternatively, the 
15 resistor may have a resistance in the range of about 1.5kQ to about 6kQ, 
or may be about 2kQ to about 4.5kQ. 

The sensing material may be a metal and in particular may be titanium 
which is convenient material to provide using CMOS compatible 

20 processes. Further, titanium exhibits a temperature dependent resistance 
which makes it particularly suitable for this application and has a 
relatively high resistivity. In alternative embodiments materials such as 
amorphous silicon, vanadium oxide, platinum, nickel, aluminium, an alloy 
of any one of the aforementioned metals may provide the sensing 

25 material. 

Preferably the resistor is provided as a track on the support element. This 
is advantageous because it allows the length of the resistor to be 
maximised which increases the value of the resistance which can be 
30 provided. Having a higher resistance is in itself advantageous because it 
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may be simpler for the detecting electronics to process readings from a 
resistor with a higher value. 

Conveniently the track has a meandering structure, which is a convenient 
5 structure to attempt to maximise the length of the track. Preferably the 
meandering structure has major portions in transverse directions. The 
transverse directions may be substantially perpendicular to one another. 
Such transverse directions are advantageous because they may help 
prevent radiation having a particular polarisation from passing through the 
0 sensing element without being absorbed. 

The skilled person will appreciate that in some embodiments the thickness 
of the support element is tailored to be substantially of the incident 
radiation within the material of the support element. Thus radiation of 

5 the wavelength of interest incident upon the support element may be 
reflected back toward a top surface of the support element by the lower 
surface and destructively interfere with the incident radiation of the 
wavelength of interest. The provision of the sensing material on the 
underside of the support element may help this reflection process and 

0 ensuring that radiation of a particular polarisation may not pass may 
further enhance this reflection process. 

Conveniently, the support element may have a thickness of substantially 
one quarter of the wavelength of radiation of which is desired to measure. 
:5 This is advantageous for the reasons outlined hereinbefore. Specifically, 
the support element may have a thickness of substantially Ifam. In other 
embodiments the support element may have a thickness in the range of 
about O.S^im to 2\im, or may be 0.75|nm to 1.5jj.m. 



A reflective layer may be provided to further enhance the percentage of 
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radiation that is reflected back to the micro bridge structure from the 
substrate after passing through the micro bridge structure. The reflective 
layer may be provided on a top region of the substrate below the gap 
between the substrate and the micro-bridge structure. 

5 

Conveniently the reflective layer is fabricated from a metal which may be 
any one of the following: Aluminium, titanium, nichrome. platinum, 
nickel or an alloy of any of these metals. 

10 The micro bridge structure may further comprise a matching layer which 
may be provided on an uppermost surface of the support element. Such a 
matching layer is advantageous because it is a further mechanism to 
ensure that the absorption of the incident radiation of the wavelength of 
interest is maximised. The matching layer may aid the structure to absorb 

15 radiation at the wavelengths of interest particularly strongly. 

The skilled person will appreciate that when a wavefront passes between 
two media having some degree of reflection occurs. Therefore, the 
matching layer may match the refractive index of the micro-bridge to that 
20 of free space, which is advantageous because it may minimise the amount 
of reflection that occurs at an upper surface of the micro-bridge device: 

According to a third aspect of the invention there is provided a transducer 
incorporating a micro-bridge structure according to a second aspect of the 
25 invention. 



The transducer may be a pressure transducer. Because for a given bias 
current the micro-bridge structure temperature will depend on the heat 
conduction due to the surrounding gases it can measure the pressure of 
those gases. The transducer may be thought of as a Pirani gauge. 
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If the transducer is a Pirani gauge the sacrificial material may be 
deposited to a depth of about 0.1 ^im by the method according to the first 
aspect of the invention. Possibly the sacrificial material may be deposited 
to about any one of the following depths: O.OS^im, 0.075nm, 0.125nm or 
5 O.lS^im. 

The transducer may be a flow transducer. The temperature of the micro- 
bridge structure for a given bias current will depend on how quickly heat 
is carried away by gas or liquid flows and therefore may be used as a flow 
0 transducer. 

Of course, the transducer may be used as an IR transducer in applications 
such as Fire detection, intruder alarms, IR imaging or automatic 
inspection. 

5 

Indeed, the transducer may be an IR emitter since the temperature of the 
micro-bridge will vary when a suitable current is passed through it. Such 
an emitter may be useful for generating the IR signatures of objects, 
perhaps for the purpose of simulation. 

;o 

There now follows by way of example only a detailed description of the 
invention with reference to the accompanying drawings of which: 

Figure 1 shows a schematic view of a typical micro-bridge device; 

!5 

Figure 2 shows cross sections through micro-bridge devices of 
three different types; 



Figure 3 shows cross sectional views of a fabrication process for a 
micro-bridge device according to the present invention; 
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Figures 4a, b, and c show isometric views of tlie underside of the 
micro-bridge device of Figure 1 ; and 

Figures 5 and 6 show scanning electron micrographs of micro- 
5 bridge structures according to the present invention. 

Figure 1 shows a typical micro-bridge device, in this case a micro- 
bolometer. A main body 1 is provided and adapted to absorb radiation of 
the wavelength of interest incident upon it. Legs 2, 4 are provided to 
10 support the main body 1 above a substrate (not shown) and provide 
thermal isolation from that substrate. The substrate may be constituted as 
a semi conductor wafer. 



Figure 2a shows a micro-bridge structure of the homogenous bridge type 
15 in which bridge is substantially of a uniform material. Some means of 
sensing is adapted to determine the temperature change of the bridge. 
The means of sensing may be by way of passing a current through the 
bridge and measuring the current change. 

20 Figure 2b shows a film-on-support type of micro-bridge structure wherein 
(in this case) a metallic film 6 is provided on top of a supporting 
bridge 8. The metallic film is shaped such that it acts as a resistor. 
Vias 10, 12 are provided through the bridge 8 to allow the resistor to be 
connected to processing electronics in a region underneath the bridge 8. 

25 Devices according to this design suffer from two disadvantages: Firstly, 
the metallic film reflects an amount of the incident radiation of the 
wavelength of interest thus reducing the efficiency of the design. 
Secondly, the fabrication of the vias 10, 12 introduces extra critical 
processing steps which not only makes the devices more expensive but 

30 also reduces the yield of the process. 
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Figure 2c shows the structure of a micro-bridge device, or in this case a 
micro-bolometer fabricated according to the invention wherein the 
metallic film 14 is provided on the under side of a bridge structure 16. 

5 Figure 3 outlines the process steps involved in fabricating the structure of 
Figure 2c. The starting point of the process as shown in Figure 3a is a 
fully processed CMOS wafer 20. The region 22 (which is only shown in 
Figure 3a) is intended to represent CMOS circuitry provided in the 
wafer 20. In the example described in relation to Figure 3 the initial 
10 steps of the method comprise providing a metal layer on the upper surface 
of the wafer. This metal layer connects the circuitry 22 to the micro- 
bridge structure. This metal layer may or may not be required depending 
on the number of metal layers available in the fabrication of the CMOS 
circuitry 22. 

15 

At the start of the process described in relation to Figure 3a the wafer 20 
has a Boron Phospho-Silicate Glass (BPSG) passivation layer 24 provided 
on a top most surface. 

20 As shown in Figure 3b the first step of the disclosed method is pattern and 
etch the BPSG passivation layer 24 to open vias 26 to the CMOS 
circuitry 22. Once the vias 26 have been opened a pre-metal clean is 
performed. This is achieved by the use of a 10:1 HF acid for 30 seconds. 

25 Once the clean has been performed metal is deposited and patterned. 
Metal tracks 28 are formed in the vias 26. In one embodiment 5fira of 
Al/l%Si was deposited having a resistivity of 60-70mn/sq. 

As shown in Figure 3d once the metal tracks 28 have been provided a 
30 further passivation layer 30 is deposited on to the surface of the wafer 20. 
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In the embodiment shown the silicon nitride was deposited by Plasma 
Enhanced Chemical Vapour Deposition (PECVD) to a depth of 2ixm. 

The skilled person will appreciate that should the CMOS circuitry have 
5 enough metal layers to provide connections to the micro-bridge structure 
which is to be fabricated that this point may be the start of the process. 

Once the passivation layer 30 has been provided the sacrificial material 32 
is provided onto the surface of the wafer 20. This sacrificial layer 

10 comprises a material that can be etched out from under the completed 
micro-bridge structure without the required etch damaging either the 
structure, the sensor material, or any underlying CMOS circuitry. 
Conveniently, this material may be a poiyimide. A conventional 
polyimide may be used with a standard photoresist process to protect it 

15 during patterning, or a photo-imageable polyimide may be used which 
may be directly patterned after exposure to ultraviolet light through a 
defining mask. 

In the embodiment described, a conventional polyimide was used with a 
20 photoresist. The sacrificial layer is spin deposited and cured to a depth of 
about 3^im. After patterning it may be important to remove all traces of 
the resist layers, in the case of the embodiment described here this is 
achieved with an EKC etch. A small reduction in the thickness of the 
polyimide during this cleaning process can be tolerated. 

25 

Once the sacrificial material 32 has been provided it is patterned and 
etched as shown in Figure 3f . It should be noted that the passivation 
layer 30 is also etched in regions of the tracks 28 allowing contact to be 
made to the metal tracks 28. 

30 
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After the patterning and etching has been performed a substantially 0.2}xm 
thick layer of titanium 34 (a sensing material) is sputter deposited onto the 
surface of the wafer undergoing processing, as shown in Figure 3g. The 
metal layer is plasma etched to provide the desired structure. At the same 
5 time as the sensing material is etched to provide the desired structure the 
sensing material is removed from the optical alignment targets (OATs) to 
aid coarse alignment of the subsequent layers. 

A substantially l^xm thick layer of Silicon oxide 36 (SiOj) (a support 
10 material providing the support element) is deposited onto the surface of 
the titanium 34, as shown in Figure 3h. This oxide layer 36 is patterned 
and etched and it is ensured that the resists are removed using EKC. 

In some embodiments of the process a matching layer (not shown) is 
15 deposited or grown on top of the oxide layer. 

The next step is to ash the wafer undergoing processing to remove the 
sacrificial (polyimide) material. In the embodiment being described the 
ashing process lasts for about 12 minutes. This ashing process releases 
20 the support elements from the substrate and leaves a substantial void 38 
between the titanium sensing material 34 and the passivation layer 30. 

A final step of the process is to perform a rapid thermal anneal which 
lasts for 30 seconds and is performed at 400°C. 

25 

The skilled person will appreciate that Figures 1, 2c, and 4 show the 
structure of the micro-bridge device fabricated according to the process 
shown in Figure 3. 



30 



Referring mainly to Figure 1 the micro-bridge device 48 is substantially 
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square in plan. The square portion comprises a support element 50 whicii 
is suspended above a substrate (not shown) by legs 2, 4. The legs 2, 4 
are separated from the support element 50 by slits 52, 54 which ensure 
that the support element 50 has good thermal isolation from the substrate. 

5 

The structure of micro-bridge structure in Figure 1 is somewhat simplified 
when considering the structure of the legs 2, 4. In Figure 1 each leg 2, 4 
comprises a planar portion 56 in the same plane as the support element 50 
but separated from it by the slits 52, 54. In addition to the planar 
10 portion 56 there is provided an angular portion 58 which extends from the 
planar portion 56 at an angle toward the substrate over which the support 
element 50 is suspended. The planar portion of each leg 2, 4 is joined to 
the support element 50 by a connecting region. The angular portion is at 
a distal end from the connecting region. 

15 

The skilled person will appreciate that the specific structure of the 
legs 2, 4 fabricated by the disclosed method may differ slightly. The 
legs 2, 4 are formed by coating a depression etched into the sacrificial 
material with a sensing material and coating the sensing material with a 
20 support material. 



On an under side of the support element 50 there is provided a metal 
track 60 (this is shown as the metallic film in Figure 2c) which forms a 
resistor having temperature dependent properties. The track 60 runs from 
25 the substrate, up a first leg 2 of the micro-bridge device, across the 
connecting region (forming a connecting region of the resistor) joining the 
first leg 2 to the support element, meanders across the underside of the 
support element 50, across the other connecting region (forming another 
connecting region of the resistor) and down the other one of the legs 4. 



30 
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As can be seen in Figures 4a and b in some embodiments the meanderings 
of the track 60 have major portions running in directions substantially 
perpendicular to one another. The meanderings ensure that the length of 
the track 60 is maximised to increase the value of the resistance provided 
5 by the track 60, which in this case is about 3kQ. The track is fabricated 
from Titanium, having a temperature coefficient of resistance of about 
0.35%/K. 

Figure 4c shows an embodiment of the micro bridge structure with 
10 meanderings with major portions running in substantially only one 
direction. 

The scanning electron micrographs shown in Figures 5 and 6 show the 
track having a meandering nature with major portions running in 
15 directions transverse to one another. It is believed that this meandering 
nature helps to prevent radiation of a particular polarisation passing 
through the micro-bridge. 

The skilled person will appreciate that although the track is provided 
20 underneath the support material its path is visible, in Figures 5 and 6, on 
a top surface of the support material due to the nature of the processes 
which are used to fabricate the micro-bridge structure. 

The thickness of the SiOa (the support material) from which the support 
25 element is fabricated is made to be equivalent to one quarter of the 
wavelength of the incident radiation of the wavelength of interest within 
the SiOz. The skilled person will appreciate that the wavelength of the 
radiation will be different in free space and within the SiOz. In this case 
the SiOg is made to be roughly Ijxm thick. 
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In use, an array of devices as shown in the Figures is provided and 
arranged to have radiation incident upon them. The support element 50 is 
tuned to absorb radiation in the wavelength range 8nm-14^m (but may 
alternatively be tuned to other wavelengths) and therefore experiences a 
5 temperature change when such radiation is incident. This temperature 
change causes the value of the resistance of the track 60 to change in a 
known manner and this change of temperature can be used by the circuitry 
to which the track 60 is connected to calculate the amount of radiation of 
the wavelength of interest that was incident upon the support element 50. 
10 Thus, the support element 50 is arranged to act both as a physical support 
and as an absorber of radiation. The micro-bridge device has in its 
simplest form two layers (a support material 36 and a sensing 
material 34), which together provide three functions: physical support, 
radiation adsorption and radiation detection. 

15 

The leg 2, 4 ensure that the support element 50 is mechanically supported 
above the substrate but their design ensures sufficient thermal isolation so 
that the thermal mass of the substrate does not affect the temperature 
change of the support element. 

20 

Radiation of the wavelength of interest incident upon the micro-bridge 
enters the bridge structure. Eventually this radiation hits the metallic 
film 14 forming the track 60 which reflects the radiation back toward the 
top surface of the micro-bridge. The pattern of the meandering track 60 

25 is provided to ensure that radiation of all polarisations should be reflected 
and therefore absorbed, thereby increasing radiation absorption. If the 
meandering ran substantially in only a single direction it is possible that a 
higher proportion of radiation being polarised in the specific orientation 
may pass through the track than radiation of other polarisations (although 

30 a large proportion may still be reflected). Having meanderings in more 
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than one-direction helps to reduce the amount of radiation that can pass 
through the track. 

Because the SiOj is 1/4 of the wavelength of the radiation of interest the 
5 total optical path length from the top surface to the metallic film down to 
the lower surface and then back to the top surface is 1/2 wavelength. 
Therefore, destructive interference occurs in a region of the top surface 
ensuring that a high degree of absorption of the radiation of interest 
occurs. 

10 

In some embodiments a matching layer may be provided on a top surface 
of the micro-bridge adapted to match the surface to free space i.e. 
377Q/square. The skilled person will appreciate that when a wavefront 
passes between two mediums of differing refractive index a degree of 
15 reflection will occur. The matching layer helps to minimise this 
reflection and further increase the amount of radiation that is absorbed by 
the micro-bridge. It is important to ensure that the amount of radiation 
that is absorbed is maximised to ensure that the temperature change 
experienced by the support element 50 is as large as possible. 

20 

The skilled person will appreciate that although this application largely 
discusses absorption of radiation having a wavelength of 8^m-14^m the 
technology described may have wider applications. Detecting wavelengths 
of 8tim-14^m may be especially advantageous because it coincides with an 

25 atmospheric absorption window wherein there is little absorption by the 
atmosphere. The skilled person will further appreciate that there is a 
further absorption window between 3^im-5|im which may also be used. 
Further, it will be equally possible to fabricate devices which absorb 
radiation outside these wavelengths. In such devices the materials and 

30 structure of the bridge structure may simply need optimising for the 
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wavelengths in question. 
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CLAIMS 

1- A bolometer including a micro-bridge structure suspended over a 
void above a substrate and comprising a support element carrying on its 
5 underside a sensing material, which is exposed to the void and connected 
to tracks on the substrate. 

2. A bolometer according to claim 1 which is arranged such that 
radiation is absorbed by the support element such that the absorption is 

10 detected by the sensing material. 

3. A bolometer according claim 1 or 2 wherein the thickness of the 
support element is tailored to be substantially ^AX of the incident radiation 
within the material of the support element. 

15 

4. A bolometer according to any one of the preceding claims wherein 
the support element is arranged to provide two functions: physical support 
for the sensing material and absorption of radiation. 

20 5. A bolometer according to any one of the preceding claims wherein 
the support element is fabricated from SiOa. 

6. A bolometer according to any one of the preceding claims wherein 
leg portions are provided to suspend the support element above the 

25 substrate and in which the sensing material is provided on the underside 
of the leg portions. 

7. A bolometer according to any one of the preceding claims wherein 
the sensing material is provided as at least one track having a meandering 

30 structure 
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8. A bolometer according to claim 7 wherein the meandering structure 
has portions in transverse directions. 

9. A bolometer according to claim 8 wherein the transverse directions 
5 are substantially perpendicular to one another. 

10. A bolometer according to any preceding claim wherein a matching 
layer is provided on an uppermost surface of the support element. 

10 11. A method of fabricating a bolometer including a micro-bridge 
structure onto a substrate having the steps of: 

a. providing a sacrificial material on a surface region of the 
substrate; 

b. pattern wise etching the sacrificial material; 

15 c. providing a sensing material on a surface region of the sacrificial 

material; 

d. providing a support material on a surface region of the sensing 
material; and 

e. removing the sacrificial material leaving support material with 
20 the sensing material on its lower surface, substantially free 

standing above the substrate. 

12. A method according to claim 11 in which the sacrificial material is 
polyimide. 

25 

13. A method according to claim 11 or 12 wherein the method 
comprises applying the support material such that it has a thickness of 
about V4X where X is the wavelength of the incident radiation of interest 
within the support material. 

30 
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14. A method according to any one of claims 11 to 13 which comprises 
providing the sensing material such that incident radiation having a 
specific polarisation cannot pass therethrough. 

5 15. A method according to any one of claims 11 to 14 wherein the 
sensing material is provided as at least one meandering track. 

16. A method according to claim 15 in which the at least one track is 
provided such that it has lengths running in directions transverse to one 

10 another. 

17. A method according to any one of claims 11 to 16 wherein an 
encapsulated package is provided for the micro-bridge structure. 

15 18. A method according to claim 17 comprising filling the encapsulated 
package with a gas having a low thermal conductivity, or evacuating the 
package. 

19. A transducer incorporating a micro-bridge structure according to 
20 any one of claims 1 to 10. 

20. A transducer according to claim 19 wherein the transducer is an IR 
transducer and/or emitter. 



25 
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subject maner which Is clalme<« and for wlilch a patent is sought on the invention entitled: 

Miero-Bfidqe Structure 



the specification of which (cheek applicable box(«)): 
□ is attached hereto 

g was filed or ^_ as U.S. Application Serial No. Atty DktNo.lP/P2646yuSW 

la was filed as PCT Intematianal application No. PCTyG800/03243 on 23" August 2000 — 

and (if applieabie to U.S. or PCT application) was amendedon 12*" October 2001 ' 



I hereby state that I have reviewed and understand the contents of the above Identified spedflcation, including the claims as amended by any 
amendment refsrrad to above. I acknowledge the duty to disclose information which ig material to the patentability of this application in accordance with 
11?:^ r> I , ^ »1f' Tw*°f*'3" "^^"^"^ ""''^^ ^ ^ ^'3BS of any foreign application's) for patent or inventors certificate listed 

^llf M f"* ^T^" ^PPlicaticn for patent or Inventor's eartiflcala having a filing data before that of the application on which 

priority IS claimed or, If no priority Is claimed, before the filing date of this appfication: 
Priori^ Foreign Application(s): 

' ^° _ 24" August 1999 

1 hereby claim the benefit under 35 U.S.C, §n9(e) of any United States provisional appiication(3) tietad below 
Application Number Oate/MontWYear Filed 



SiS^r^i*. ^^"^' ^'^'^^ ^^ U SX:. 120 365 Of all prior United Stales and PCT international applications Ustad above or below and, insofar as the 
tSc ri^L^lSi fh '^^^'^"^ P^"^ applications in the manrwr provided by the firet paragraph of 35 

£iif.l„; lT^,T^2^^^ "l^f '"^""^"f'" « I" 37 C.F.R 1 .36 which oceu^d between the filing date of the prior 

?gpilcations and the national or PCT international filing date of this applicaSon: 



P;»or U.S./PCT ApplicatiBn(s): 



Status: patented 



/plication Sedal No. Day/Mor^tWYear Filed pending, abandoned 

mTiQBaom245 . 23'" August 2000 PENDINC 



S^^nd £rth^, mJ « -^ade t^«fein of my own knowledge are true and that all statements made on infcitnation and belief are bafieved to 

lll^aCn?2 b«rh .hhT-^h^^ ''"'^^S^ statements and the like so mede are punishable by fine or 

SSr^n /nv .iLr i ^^f^^^ ^^llT'w^ "^^^ such-willftil false Statements may jeopardize the validity of the 

llJca^on or any p^^^^^^ thereon Arri I hereby appoint NIXCN & VANDERHYE P.C, 1100 North Glebe Rd., 8- Floor, Ariington, VA 
M^Un^SuTZ rl^^l^^^^^ communication, are to be dfteeted). and the following attorneys thereof of the same 

Sft^irthrillh !n^^^^ T ^^^^ "PPS^^i^" ^ t° transact all business in the Patent and Trademark Office 

iS^t^rtr tari^^^t^R'^H"!:."^ ^''^f 2^27: tarry S. Nixon. 25640; Robert A. Vanderhye, 27076; James T. Hosmer, 

C ^t.^ ^^<Sno*n ^2348; Michael J. Keenan. 32106; ayan H Davidson. 302S1 ; Stanley C. 

Sas E Bvri S u^ ^:.l!^^^L?^TJ^Jl''^' ^^^"^ ^' ^'^^ "^^ 33149; H. Warren Bumam, Jr. 29366; 

B 7sL!ff n^ni" ^ f ^^^^V' ^«°tt DavKlson. 33469; Alan M. Kagen, 36178; William J. Grlflln, 31260; Robert A. Moian. 29834; 

B. J. Sadoff, 3S663. James 0. Berquist, 34776; Updeep S. Gill, 37334; Michael J. Shea. 34725; Donald L. Jackson. 41090; Michefle N. Lester 32331 ' 



Inventor's Signature: 
Inventor 

Residence: (city) 
Post Office Address: 
(Zip Coda) 



Residence: (city) 
Post Office Address: 
(Zip Code) 



■Jo^i" P GILLHAM 
(first) MI (last) 
Malvern, Worcestershire (stata/countrvi RB 


Date: 

GB 

(dtizenahip) 


QinetiQ Malvern, SL Andrews Road. Malvern. Wortrestershirp 
WR14 3PS . — — — 


ReK ^^i^ WATTON 


Date: ??/o//l<KJt 


(first) Ml (last) 
Malvern, Worcestershire (state/count™) GB 


GB 
(citizenship) 


Manbv Lodge. 24 Avenue Road. Malvern. Worcastershlre 

WR14 3AZ — — ^ _ — 



FOR ADDITIONAL INVENTORS, check box B and attach sheet with same Infom»tIon and signature and date fc 



341317 
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Inventor's Signature: 
Inventor: 



John 
(first) 



Post Office Address: IMMRC. Lee Maltinqa Prospect Row. C ofk. Republic of Ireland 
(2^ Cad«) ^ ■■ 



(State/country) Ireland 



GB 
(citizenship) 



Residence: (city) 
Post Office Address: 
(Zip Code) 



Residence; (city) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 
Inventor 

Residence: (city) 
Post Office Address: 
(Zip Coda) 



(l ast) 

(state/countiy) 



Residence: (dty) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 



(citizenship) 



Residence: (city) 
Post Office Address: 
(Zip Code) 



(state/country) 



Residence: (city) 
Post Office Address: 
(Zip Ceae) 

Inventor's Signature: 
Inventor 



y. (dty) 
Post Offioe Address: 
(Zip Code) 



341317 



Nixon & Vandarhye P.C. (12/9S) 

RULES3(3TC.F.R.1.S3) 
DECLARATION ANO POWER OF AHORNEY 
FOR PATENT APPUCATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

As a below nanied inventor. I hereby declare that my resWenee. post offieo address arai citizenship are as staled below naa lo my name, and I believe 
I am the original, first and sole inventor (if only one name is listed below) br an origlnai. first and joint inventor (if plural names are listed below) of Bie 
subject matter which is claimed and for which a patent is sought on the invention entlBed: 

Micfo-eridge Structure 



the speclficaoan of which (check applicable box(G)): 

□ is attached hereto 

5 ^j^^ °" as U.S. Application Serial No. Atly Dkt.No.lPyF>2a46/USW 



IS filed as PCT International application No. PCT/Ge00A)3243 on 23" Aug ust 2000 

and (if applicable to U.S. or PCT application) was amendidon 12" October 2001 



I hereby state that I have reviewed and understand the contents of the above idenitflad specincation, including the claims as amended by any 
amendment referred to above. I acknowledge the duty to disclose Information which is material to the patentability of this application in accordance with 
37 C.F.R, 1 .56. I hereby claim foreign pnority benefits under 35 U.S.C. 1 1 9/365 of any foreign application(3) for patent of inventor's certificate listed 
belwv and have also identified below any foreign application for patent or inventor's ceitificate having a filing date before that of tha application on which 
pnonty is daimed or, if no priority is claimed, before the fHing date of this application: 
Priority Foreign Appllcatlon($); 

^fS^f^^"**'""^ country Day/Honth/Year Red 

^^^^"^^■^ . GB 24'" August 1999 



I hereby claim the benefit under 35 U.S.C. §1 19(e) of any United Slates provisional apptieation(s) listed below. 
Application Number Daw/MDnthrt'eaf Filed 

^S'm^Zl^.t'Xfl'^ ^ff • ^20/365 of all prior United States and PCT international applications listed above or below and. insofar as the 
f^Ti^f ? °! f ^ fu of ftis apphcabon .8 not disclosed in such prior applications in the manner provided by the first paragraph of 35 
^If i^Jo^ I adaiowledge the dutyto disclue material mfbmiatien as defined in 37 C.F.R. 1.58 which occurred bdiween the filing date of (he prior 
j^plications and tne national or PCT Intematlenal filing date of this application: 

jPi^lor U.SJPCT Appllcatlon(s): ck=*. ». 
IphcatlonSoHalNo. DaWMontWVeer Piled penJS^^SSJ 
tePgBOO/03243 23" August 2000 PZ>iDmG 

Ii1[^?atf ShS fiJ^'rT^r!^ "'."'y fTJ^T'*** ^* ^' sa^ments made on infomiation and belief are believed to 

ESonm^nf^ I^J^ knowtedgo that willful false statements and the like so made are punishable by fine or 

^TJ^^A ^Zl J ' o ^"^ ' ^^'^''^ '"f*^*"' ^^^'^ * VANDERHYE P.C. 1100 North Glebe Rd., 8* Flow, ArUngton. VA 

^^firJlSll rn^^^L^"' ''r*'*"* ^"""'""«"«<«» to be diracted), and the following attorneys thereof (of the same 

SSldt^lh fnd^i J ^° ^'l aP«on and to transact ail business in the Patent and Trademark Office 

m^^R^^^LZ^K^Jt^"^^ ^u^'T '-"'^ 5- 2564°= ^"^^'^ Vanderhye, 27076; James T. Hosmer. 

2^9^ L^onLd C mL^^ °i Mark E. Nusl«um. 3234«; Michael J. Keenan, 32106; Bryan H. Davidso;. 30251; Stanley 6. 

W^^^fivL^2^t f Tc^JX'^L^^^i."^^*^ J"^" ^- '-^"f^''^' 33149; H, Warren Burnam. Jr. 293S6: 

R TI^H^fT^Sfc, ■ ^' '^^V ^^^55- J Davidson. 33489; Alan M. Kagen, 36178; William J. Griffin, 31260; Robert A Molan 29834- 

B. J. Sadoff. 36663: James D. Berquist. 34776; Updeep S. Gili. 37334; IWichaal J. Shea. 34725; Donald L Jackson. il090 1^^61(6 N. Lester; 32331 - 



Iriventofs Signature: ■ 

'nventor g; p- GiaHAM ' ^ qI 

Residence: (City) Malvern. Wofcestershire (state/cpuntiy r'GB (citizenship) 

Post Office Address: QinetiQ i^alvern. St Andrews Road. Malvern . Werees»r8hl» ' — —— 

(Zip Code) WRU 3PS ' ' — ' " 



WATTON 

(firat) Ml (last) 

D*11^2f*i'!i^^ Malvern. Worcestershire (state/oountryi GB 

Post Office Address: Manbv Lodoa. 24 Avenue Road. Malvern. WoiBastershir fe 

(Zip Code) WR14 3AZ " 



FOR ADDITIONAL INVENTORS, check box S and attach sheet with same Infom^Won artd signature and date for each. 



341317 
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E UNITED STATES 



InvBrttofs SJgnatufs: , Date: Z^J' 

Inventor John "~C W.DERMAN 

(fiist) Ml (last) 

Residence: (dty) Cork (stata/country) Ireland 

Post Office Addfese: NMRC, Lee MaMnfla Prospect Row, Cork, Republic of Ireland • ' 

(Zip Code) ' 



inventor's Signature: 
Inventor 

Residence: (city) 
Post Office Address: 
(Zip Coda) 



(first) 



(last) 

(state/country) 



(citizenship) 



Residence: (city) 
Post Office Address: 
(Zip Code) 

Inventei's Signature: 



(cMzanship) 



Ifl 



Reskfence: (city) 
Post owes Address: 
(Zip Code) 

lnuerrtor% Signature: 
Inventor 

Residence: (city) 
Post Offlc» Address; 
(Zip Code) 



(citizanship) 



>■• (city) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 
Inventor. 

ReeidenceT (city) 
Post Office Address: 
(Zip Code) 

Inventor's Signature: 
Inventor; 

Resldenoe: (city) 
Post Office Address: 
(Zip Code) 



(laai) 

(state/country) 



(last) 

, (state/country) 



341317 



